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I< yoto U ni ve rsity. I< yoto. J apa n 
Ou r prev io us studi es demonstrated that pso ra len plus long-
wave ultrav io let radiation (PUV A) treatm ent inhibited ce r-
tain T-lym ph ocyte fun ctio ns, such as loco m o ti ve ability. 
To furth er anal yze th e effects of PUV A o n T-IYl11ph ocyte 
function , we in ves ti ga ted the ability of m o use spleen ce ll s 
to prod uce interlcukin 2 (IL-2) afte r treatment o f the mi ce 
in vivo w ith PUV A. Interlcukin 2 produ cti on was impaired 
in ce ll s fro m PUV A-treated mice co mpared w ith th ose 
from UV A-irrad iated , 8-mcth oxypsoralen-trea ted , o r nor-
m al mi ce. This impairm ent was no t dose dependent , over 
the dose range of UVA (2-20J/cI11 2) exa mined. Interleukin 
2 production was m arkedl y suppressed o n day 3 after PUV A 
P so ralen and long- wave ultrav io let radi at io n (PUV A) is w ide ly used in th e trea tm ent o f pso rias is 11 '1. This pho-tochel1l 0therapy Iu s :dso been effi cacious in se vera l skin diseases associated w ith T-Iymphocyte infiltrati on 12,31. Si nce PUV A is know n to dam age T lymph ocy tes, it is 
li kely th at a direct cy toto xic effect of PUV A on th ese cells in th e 
sk in ma y co ntribute to its th erapeuti c effect in th ese diso rd ers. In 
add itio n , there is ev idence that PUV A treatm ent ca n also lead to 
immune dysfunction. T he number and propo rti o n o f circul atin g 
T lymph ocytes was fo und to be decreased after repea ted ex pos ures 
to PUV A in pa tients w ith pso ri as is, as well as in healthy control 
subj ects [41. M o ri son et al 151 dem o nstrated th at even a sin g le, 
w ho le-body exposure to PUV A altered th e di stributio n of th e 
subpopul at ion of circul atin g lymp hocytes . Furth erm o re, in vivo 
PUV A treatm ent ca n suppress contact and delayed h yperse nsi-
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Abbreviations: 
C H S: contact hyperscnsiti vit y 
Con A: conca nava lin A 
FCS: feta l ca lf se rUlll 
IL : interl cu kin 
2ME: 2-111 erca ptoethanol 
8-M O P: 8- mcthoxy pso ralen 
PUVA : psorakn plus UVA 
UVA: ultrav iole t A (320-400 nm) 
;lIld return ed to no rl11:.11 by day 7 after th e trea tm ent. Top-
ica l trea tment of th e mice with croton oil did not affect IL-
2 produ ctio n of their spleen ce ll s. This result indi cates that 
cutaneous inA am matio n per se may not be respo nsible for 
the suppressive effect of PUV A on IL-2 produ ction. Ad-
dit io n o f exogenous IL-1 did not reconstitute the decreased 
ability of spl een ce ll s to produce IL-2 in vitro, indicatin g 
that PUVA affected primarily IL-2 produ cin g cell s. These 
sugges t that impaired IL-2 production may account for 
some of the immune dysfunction observed in PUV A-treated 
anima ls. J II/ vest Dermatol 89:24-26, 1987 
tiv ity rea cti ons in mi ce and guin ea pigs [6,7 1. and ca n inhibit the 
mi g rato ry ac tivity of T lymphocy tes [81. 
Recent studies indi ca ted th at intcrlcukin 2 (IL-2) is a criti ca l 
m o lecule in vo lved in th e interactio ns of imI1lunoco mpetent cell s 
and is an essenti al requirem ent fo r T-Iymphocy te pro liferation 
19 1· T o ga in further in sight in to the m echan ism b y w hi ch PUV A 
alters T-Iymph ocy te functi on , we exa min ed the effe ct o f in vivo 
PUVA treatm ent o n IL-2 produ cti o n b y murin e spleen cell s . 
MATE RIAL S AND M ETHODS 
Mice and Ultraviolet Irradiation Female C3H / Hc and C57BLl6 
mi ce we re o btaincd frol11 Shizuo ka Labo rato ry Anima! Center. 
Fo r th e UV A radiation source , an in strument w ith ten 20-W black 
lig ht tubes (Tos hiba FL 20S BLB), emitting wavelengths o f300-400 
nm w ith a pcak at 360 nm , was used w ith a glass filter. 
After shav in g, thc w hole back o f an anim al was painted w ith 
0.5% 8-meth oxy pso ralcn (8-M OP) so lutio n (Ta isho Pharm. Co., 
Tokyo). Fo rt y-fi ve minutes later a sin g le dose of UV A radiation 
(2-20 J /cm") was g iven to th e whole skin surface. 
Production of IL-2 Sp leen cell s (5 x lO('/ ml) werc incubated 
w ith 5 p,g/ml conca nava lin A (Co n A) in RPM! 1640 m edium 
supplem ented with 5% fetal calf serum (FCS) and 5 X 10- 5 M 
2-m erca ptoethan o l (2ME). After 12- to 72-h incubation , th e cell s 
were spun down, and th e supernatants were passed thro ug h 0.2-
p,1l1 filters and sto red at -20°C until!L-2 assay. 
Assay for IL-2 C TLL-2 cells (an IL-2-dependent murine cy-
totox ic T-cell linc) were resuspended with 1 X 105 cells/1ll1 in 
RPM! 1640 m edium w ith 2.5% FCS and 5 X 10 - 5 M 2ME, and 
100 p,1 was added to each well of a 96-well , flat-bottomed plate. 
Vari o us di lutio ns o f IL-2 co ntaining sa mple supernata nts w ere 
ad ded in 100-p,1 am o unts. The platcs were incubated fo r 20 h at 
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Figure 1. Effec t of in cubation t ime on IL-2 production . Splcen ce ll s we rt.' 
cu ltured w ith 5 fLg/ ml Con A fo r 12, 24, 48, and 72 h. Each experim ental 
g roup consisted of 4 animals. Results represent the mea n ± SD . 
37°C and pulsed fo r 4 h with 1.0 /LC i/ ml IJHlThd. T he am oun t 
of inco rporation was meas ured by using a li qu id scintill ation 
counter. In every assay, the [JHIThd uptak e by CTLL-2 cells in 
response to the tes t sample was compared to th at in res ponse to 
standards (I L-2 produ ced by rat spleen ce ll s) by using a pro bit 
analys is. The IL-2 units were ca lcul ated by the following equ ation: 
IL-2 uni ts/ml 
Heciproca l titer o f tes t sa mple 
at 30% maximal cpm o f standard 
----------------~--------~----~ x 100 
Reciproca l titer at 30% max im al cpm o f sta ndard 
RESULTS 
Interleukin 2 Production by Normal Spleen Cells Earlier 
reports indica ted th at IL-2 ac tivity in Con A-stimulated cultures 
reaches a maxim um 24-48 h after th e cultures are initiated, and 
then quickly declines [9]. Figure 1 shows a representative ti me-
cou rse experiment, showing that max imu m produ cti on o f IL-2 
was obtained in the 24-h culture. Therefo re, we used the 24-h 
culture fo r I L-2 production in the fo ll owing studies. 
The Effect ofIn Vivo PUV A Treatment on IL-2 Production 
We ca rried out dose-response and time-course studies to deter-
mine w hether in vivo PUVA treatment affects IL-2 produ cti on 
by spleen cells. In the dose-response experim ents, spleen cell s 
were obtained 3 days after PUV A treatment. At that time, th e 
skin of 2 J /cm2 PUV A- treated mice was sli ghtl y eryth ematous, 
w hile in the 20 j /cm2 PUV A group, moderate eryth ema and 
scali ng we re observed. As shown in T able I, all 3 doses of PUV A 
signifi ca ntl y suppressed IL-2 produ cti on, indi ca tin g th at th e ex-
tent of the suppression w as no t dose-dependent w ithin this UV A 
dose range. The produ ction was redu ced by 49% and 47% in 2 
Table I. T he Effect of PUV A, UV A, 8-M O P, and 
C roton Oi l Appli ca tion on IL-2 Produ cti on" 
G roup 
N o trea tm ent 
2 j /cm2-PUV A 
7 Jlcm 2- PUV A 
20 j /cm 2-PUV A 
20 j /cm 2- UV A 
iI-M Op/' 
C ro to n o il ' 
IL-2 Activity (units/ ml ) 
2 1.0±2. 1 
10.2 ± 1.5 
8.':1 ± 1. iI 
11. 6 ± 2. I 
20.8 ± I.2 
20.2 ± 0.':1 
19.2 ± 1. 4 
"Spleen cell s were obtained on day 3 after treatmell t. 
' A 0.5% solut ion was to pica ll y applied . 
'C ro ton oi l (50%) was pa inted on th e back. 
PUV A = pso raicn pIll S UV A; 8-M O P = 8-methoxypso ralcn; IL-2 = inter icu-
kin 2. 
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Figure 2. T im e course of IL-2 produ ction after P UVA trea tment. M ice 
were exposed to 7 j /c l1l ~-UV A after top ica l applica tio n o r 5% 8-MO P. 
Hesults represent the mea n ± SD. Asterisk ind ica tes signi fica nt diffe rence 
fro m untrea ted contro ls (p < 0.0 1) . 
j /C111 2 and 20 j /c m2 PUVA-trea ted mice, res pectively. In contrast, 
I L-2 producti on was no t affected by trea tm en t of the spleen cell 
donors w ith 20 j /cm2 UV A alone, 8-M O P alone, o r 50% cro ton 
o il app lied to th c entire dorsa l sur f.1Ce (Ta ble I) . 
We trea ted mice w ith 7 j / cm2 UV A in the time-course ex per-
iments. As shown in Fig 2, spleen cell s fro m PUV A-treated m ice 
had impaired IL-2 produ cti on on day 3 after the trea tment, but 
the ac ti vity returned to norm al levels by day 7. We also o bse rved 
that IL-2 produ cti on was supp ressed on da ys 2 and 5 after trea t-
ment in oth er experim ents (data not shown). 
Effect of Exogenous IL-l 011 Impaired IL-2 Production in 
PUV A-Treated Mice It has been dem onstrated th at I L-2 pro-
du ction requires the presence of macropha ges , o r an exogenous 
source of IL-l [10]. T o determin e w hether a macrophage dys-
fun cti on coul d be res ponsib le fo r the decreased IL-2 produ ction 
in spleen cel ls of PUV A-trea ted mice, I L-2 acti vity was eva luated 
afte r addin g purified IL-l at the ini tiation of the culture. Table II 
shows that supplementation w ith IL-l did not alter th e relative 
di ffe rences in IL-2 ac ti vity between cells from PUVA-trea ted 
anim als and controls. 
D ISCU SSIO N 
O ur prev ious stud ies showed that in vit ro trea tment o f T lym-
phocy tes wi th low doses of PUV A inhibited their locomotive 
ac ti vity ISJ. T herefore, it is poss ible th at T lymphocy tes arc pref-
erentiall y affected by PUV A trea tm ent. In suppo rt of this pos-
sibility, th e studies reported here de monstrated that in vivo trea t-
ment of mice w ith PUV A dimin ished th e abili ty of th eir spleen 
cel ls to produ ce IL-2 in culture. This impaired IL-2 produ ction 
was no t restored by addin g exogenous IL-l to the culture. T hi s 
result indi cated th at the impairment was due to a prim ary defect 
Table II. IL-2 Production by SpJeen Cell s 
in the Presence of Exogenous I L-l 
IL-2 Acti vity (uni ts / ml) 
G ro up 
N o trea tment 
7 j / cm 2- PU V AI< 
20 j / CI1l 2_p U V A" 
IL-I (-) 
20.3 ± 1.6 
10.9 ± 1. 6* 
11. 9 ± 0.9* 
"O ne unit/ 1ll 1 of purifi ed IL- I was used. 
"Cell s were ob tai ned on day 3 after PU V A t rC:HIll CIl t. 
' S i ~ni ficant di ffe rencc fro lll un t reated controls (1' < 0.0 1). 
IL- I (+)" 
18.8 ± O.4N S 
10. 1 ± I. 7NS 
11. 2 ± 1. 0 N S 
NS: No signi fican t d ifference between IL- I( - ) Jnd IL- I(+) g roups. 
II. = intcrleukin ; PU V A = psorJ len plus UV A. 
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in a p o p u iJti o n of IL-2-pro du c in g ce ll s rather t h an to a d ys fun c-
tio n o f l1l ac ro phagcs in th e sp leen , 
It is well kn ow n tlut PUVA m o d ifi es T ly mph ocy te-de pe nd ent 
cutaneo us immune resp o n ses, su ch as cOIHact h ype rsen siti v it y 
(C H S) and d e la yed h y persen s iti v it y, Kripke et a lll11 showed th a t 
hi g h doses of PUV A coul d impair th e d evelo pmen t o f C H S in 
mi ce to sens i ti ze rs app li ed o n di stant unirradi ated ski n . W e 17 ,1 2 1 
obser ved th at even su be r y th e m al d oses o f PUV A inte rfe red w ith 
th e develo pm ent o f C H S to ant ig en s app li ed thro ug h PUV A-
pre trea ted sk in in g uin ea pigs . B o t h t yp es o f impairm e n t ofC H S 
in du cti o n a rc assoc iated w ith th e appea ra n ce o f suppresso r T ly m-
phocytes. Recent studies b y Co li zz i et a l 113] d e m o n stra ted that 
injecti o n o f I L- 2 into mi ce receiv in g a to le ri zin g i. v . inj ec tio n o f 
hapten-m o dified ce ll s co n verted th e inj ectio n to :)1] im mun ogeni c 
st imulu s. Thi s findi ng sugges ted t h a t un res po n siven ess to haptens 
was seco nd a r y to a fa ilu re o f IL-2 pro du cti o n. T he ex ac t ro le o f 
IL-2 in ove rco min g t he gene ra ti o n o f suppresso r cells in their 
sys te m w as n o t ex p la in ed . Our results he re indi cated th at lo w-
d ose PUVA trea t m ent , w hi ch coul d indu ce suppress io n o f C HS , 
inhibi ted IL-2 pro du c tio n b y sp leen ce ll s . T he re fo re, it see m s 
reason a ble to suppose th a t th e s uppress io n o f C HS indu ced b y 
PUVA ma y be d ue in p a rt to impairm ent o f IL-2 produc ti o n b y 
sp lee ll ce LI s . S t udi es arc currentl y und e r way to d e te rmin e w he t he r 
in v iv o admini strati o n of IL- 2 ca n reve rse th e unres po ns iven ess 
o bser ved in PUV A-treated an im als . 
Thera p y w ith PUV A is o ne o f t he maj o r m o da li t ies that pro -
v id es bene fi c ia l effects in su ch sk in di seases as pso riasis r1], m y-
cos is fun goides 12], and li ch en p lan us 13 1, H owe ve r, exposed 
no rm al skin as well as immune fun cti o n s o f t he patients a rc a lso 
affec ted b y thi s th e rap y [4,14, 15 1. T hese effec ts o fPUVA trea t-
m ent ma y co ntribute to t he develo pme n t o f skin can ce rs in p a-
ti ents receiv in g lo n g-te rm PUVA treatment 116 ], as has been 
de m o nstrated in animal m o de ls 11 7]. 
Beca u se I L-2 is an impo rtant Iy mph o ki ne that pa rti cipa tes in 
th e gene rati o n o f antitum o r im l11 un e respo nses 11 8- 21], a d tc rease 
in IL-2 pro du cti o n mi g h t also contribute to th e carcinoge ni c po -
tential o fPUVA treJtm ent by dec reas in g hos t immunit y to trans-
fo rm ed ce lls in th e sk in . A lt ho u g h t he re are n o re po rts d ocu-
m enting an associatio n between appea ran ce o f skin can cer in hum ans 
and PUV A-indu ced immunos uppress io n , thi s p ossibi li t y need s 
to be ca refull y eva luated , It is qu ite p ossible t hat PUV A trea tment 
co uld con t ribute to tulll o r in d u c ti o n b y inte r fe r ing w ith IL-2-
d e pcnd ent illlmuno logic events. 
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